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Abstract
The urban landscape is a complex mosaic of costs and benefits for urban wildlife. Although many species may adapt and
thrive in the urban mosaic, the complexity of this landscape can be stressful and have health implications for urban wild-
life, raising concerns for zoonosis and biodiversity. In this study, we assessed how human–primate interactions influenced
parasite risk and anxiety-related behaviour of urban vervet monkeys in KwaZulu-Natal, South Africa. Over 1 year, we col-
lected and analysed faecal samples, assessing eggs per gram, species richness, and Shannon’s diversity index. In addition,
using behavioural sampling, we recorded self-directed scratching behaviour, as an indicator of anxiety, and human–primate
interactions, both positive (human-food consumption) and negative (human–monkey aggression). To assess parasite risk in
the urban mosaic, we ran three models with our parasite measures as dependent variables. Results showed that negative
human interactions significantly increased with eggs per gram, species richness, and Shannon’s diversity index and posi-
tive human interactions increased with both eggs per gram and species richness. Furthermore, eggs per gram significantly
increased with higher scratching rate. We also tested the relationship between scratching and human interactions, finding
that scratching significantly increased under higher rates of negative human incidents. Overall, results suggest that there
are costs to urban living that increase anxiety-related behaviour and parasite risk despite increased food availability. Our
findings are important for developing effective management strategies that focus on cohabitation rather than conflict, for
the benefit of human and wildlife health.
Key words: self-directed behaviour, human–wildlife coexistence, anthropogenic, management, welfare
Introduction
Human population growth is resulting in continuous expansion
and development of the urban mosaic; this expansion is conse-
quently causing increased interactions between humans and
wildlife (Soulsbury and White 2015). These interactions have
multiple facets, both from the perspective of humans and
wildlife (Nyhus 2016). For example, wildlife may benefit from in-
creased access to human resources at the potential cost of hu-
man aggression (Thatcher, Downs, and Koyama 2019a,b),
whereas humans may suffer losses of domestic animals and
food (Dickman 2010). For both parties, the increased proximity
in the urban mosaic amplifies opportunities for zoonotic
VC The Author(s) 2021. Published by Oxford University Press.
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transmission (Singh and Gajadhar 2014), and therefore, studies
on parasite diversity are important for human–wildlife health
and well-being (Dı́az et al. 2006); this is of particular concern for
non-human primates (hereafter known as primates) (Cooper et
al. 2012).
The urban mosaic forms a complex fragmented habitat
resulting in increased proximity and interactions between
humans and wildlife, which are commonly linked to increased
intensity and diversity of parasites in primates (Nunn, Altizer,
and Altizer 2006). This trend for increased parasitism has been
shown in urban primates, including Barbary macaques (Macaca
sylvanus) (Borg et al. 2014), white-footed tamarins (Saguinus leu-
copus) (Soto-Calderón et al. 2016) and vervet monkeys
(Chlorocebus pygerythrus) (Thatcher, Downs, and Koyama 2018).
However, the effects of urbanization on primate parasite load
are not consistent, and some studies have found that a more
anthropogenic environment can lead to a reduction in the in-
tensity and diversity of parasites [e.g. Balinese long-tailed ma-
caque, Macaca fascicularis (Lane et al. 2011)]. A recent review on
urban mammalian parasite prevalence suggests two responses,
either an urban burden hypothesis that parasite susceptibility
increases because of increased stresses and proximity or an ur-
ban refuge hypothesis, in that parasite levels decrease because
of increased resources (Werner and Nunn 2020). Generally, find-
ings of parasite load in anthropogenic primates are mixed,
likely because of the wealth of factors that can influence para-
site load (Mackenstedt, Jenkins, and Romig 2015; Cable et al.
2017); nevertheless, this does suggest that understanding inter-
actions in the urban mosaic is important for primate health.
Wildlife living in the urban mosaic are often subject to an ar-
ray of stresses that can impact an animals’ biology (Kaisin et al.
2021), forcing them to adapt behavioural strategies to mitigate
this stress (Ditchkoff, Saalfeld, and Gibson 2006). Previous stud-
ies have shown that increased stress in urban wildlife can result
in immunosuppression, increasing parasite load (Padgett and
Glaser 2003), particularly under increased anthropogenic pres-
sures (Klaus et al. 2018). A recent review found no relationship
between urbanization and stress levels across taxa; however,
the authors suggest that this could be because of similar stress
levels in urban and wild populations, albeit new stressors
(Murray et al. 2019), or this could be interpreted as a sign of
chronic stress [e.g. urban ornate tree lizards, Urosaurus ornatus
(French, Fokidis, and Moore 2008)]. This review was conducted
across wildlife taxa, suggesting that research into species-
specific reactions to urban stressors was necessary (Murray et
al. 2019). Furthermore, it should be considered that although
the urban mosaic can have many stresses, these can be offset
by the benefits of the urban landscape (e.g. human food), creat-
ing a complex attraction–avoidance balance (Thatcher, Downs,
and Koyama 2019a,b).
Although research is now taking a proactive stance to focus
on coexistence rather than conflict, understanding anthropo-
genic drivers, both positive and negative, is important for wild-
life management (Thatcher, Downs, and Koyama 2020). These
impacts of urban living are shown in both behavioural and
physiological indicators (Nyhus 2016; Thatcher 2019). Self-
directed behaviour is commonly used in primate studies as a
measure of stress (Troisi and Schino 1987; Castles, Whiten, and
Aureli 1999) and has been linked to environmental conditions
(Troisi and Schino 1987; Ventura et al. 2005). For example, tour-
ist pressure has been shown to increase self-directed behaviour
in Barbary macaques (Maréchal et al. 2011) and spider monkeys
(Ateles geoffroyi) (Pérez-Galicia et al. 2017). Additionally, a recent
study on chacma baboons (Papio ursinus) showed that more
anthropogenic habitats were associated with increased conflict
and higher glucocorticoids, but found self-directed behaviour
was greater in national parks than suburbs (Chowdhury, Brown,
and Swedell 2020). Furthermore, recent research by Duboscq et
al. (2016) considered multiple hypotheses to explain self-
directed behaviour in female Japanese macaques (Macaca fus-
cata fuscata) including parasitological, environmental, and so-
cial. Their findings suggest that scratching is an immune
response to parasites; however, still suggest that all factors
should be considered within parasite analysis (Duboscq et al.
2016). These studies therefore highlight the potential use of
scratching to assess stressors in the anthropogenic landscape.
Wildlife often prospers within the urban mosaic because of
increased resources, particularly foraging opportunities (Lowry,
Lill, and Wong 2013). Studies of urban primates show that popu-
lations can have increased body mass that can be associated
with both decreased (Soto-Calderón et al. 2016) and increased
(Borg et al. 2014) parasite prevalence. Additionally, a reduction
in food availability has been shown to reduce immune defences
(Houston et al. 2007) and hence susceptibility to disease
(Murray, Keith, and Cary 1998; Eberhardt et al. 2013).
Furthermore, the nutritional value of food can influence para-
sitism (Agostini et al. 2017), for example, human-derived food
containing greater starch has been suggested to increase para-
site load (Weyher, Ross, and Semple 2006; Becker, Streicker, and
Altizer 2015). The nature of the urban mosaic and foraging op-
portunities also increases opportunities for transmission be-
tween individuals because of increased proximity (Thiel et al.
2005; Wright and Gompper 2005; Giraudeau et al. 2014).
Considering that urban primates foraging is adaptive, opportu-
nistically benefiting from urban resources (Thatcher, Downs,
and Koyama 2019b, 2020), it is likely that their adaptive foraging
also influences parasite risk. Understanding the multiple facets
of food, nutrition, health and human–wildlife coexistence in the
urban mosaic is important to predict disease transmission and
support wildlife management (Chapman, Gillespie, and
Goldberg 2005; Beldomenico and Begon 2010).
Vervet monkeys express a high degree of behavioural flexi-
bility to the urban landscape, behaviourally adapting to both
the positive and negative aspects of the urban mosaic
(Thatcher, Downs, and Koyama 2019a,b, 2020), therefore, in-
creasing opportunities for zoonotic transmission from wildlife
to humans (Hegglin, Bontadina, and Deplazes 2015). Studies
have previously considered parasitism in anthropogenic vervet
monkeys (Gaetano et al. 2014; Valenta et al. 2017; Thatcher,
Downs, and Koyama 2018), but have not thoroughly considered
the role of human–wildlife interactions on the potential for zoo-
nosis in the urban mosaic. Therefore, this study aims to assess
how human–primate interactions in the urban mosaic influence
vervet monkey parasite risk. We predicted that increased hu-
man–monkey aggression would increase parasite load, and this
would correspond with an increase in anxiety indicated by self-
directed scratching behaviour. We also predicted that increased
access to human food would increase parasite load.
Furthermore, we aimed to assess if there was a relationship be-
tween self-directed scratching behaviour and human–primate
interactions. We predicted that human–monkey aggression
would be stressful for vervet monkeys and therefore increase
scratching rate.
Methods
Our study was conducted in Simbithi Eco-Estate, a private gated
housing estate in Durban north coast, KwaZulu-Natal, South
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Africa (29.5140 S, 31.2197 E). The estate forms a complex urban
mosaic including a variety of housing options, leisure develop-
ments, green spaces for recreational activity as well as green-
fringes of natural vegetation. The anthropogenic topography of
this estate was mixed; however, there were comparable facili-
ties throughout the estate and all were heavily managed.
Simbithi Eco-Estate has seven vervet monkey groups
(Simbithi Eco-Estate 2017, pers. comm.), although this study
only considered the five groups that regularly stayed within the
borders of the estate. Group size varied from 14 to 42 individuals
[Ballito (14): 3 males, 6 females, 5 juveniles; Farmyard (23): 4
males, 10 females, 9 juveniles; Savannah (25): 4 males, 10 fe-
male, 11 juveniles; Goodies (29): 5 males, 10 females, 14 juve-
niles; Herron (42): 5 males, 14 females, 23 juveniles]. All adult
monkeys were identifiable via size differentiation and distinct
markings. As this was the first study on these groups, their his-
tory was unknown.
Field data were collected between March 2016 and
February 2017, and additional laboratory work was conducted
between March 2016 and April 2017. This study’s ethical ap-
proval was obtained from Liverpool John Moores University
(NK_HT/2017-6).
Faecal sample collection and parasite identification
methods
We collected faecal samples opportunistically during daily fol-
lows, immediately after defecation. Using latex gloves, we took
a sample of faeces from the centre of the stool (not including
any outer elements, e.g. vegetation/soil, to avoid contamination
by free-living nematodes in the immediate environment). We
then homogenized the sample by hand using wooden spatula
and a sterile tube to make sure that there was an even represen-
tation of the centre of the faecal matter. The homogenized sam-
ple was stored in a sterile tube pre-prepared with 70% ethanol
and was labelled with the date, time, species, age class (adult/
juvenile) and sex (or monkey ID if known), group name and geo-
graphic location measured with a global positioning system
(Garmin Etrex 10). We then shook the tubes vigorously to maxi-
mize contact between the sample and ethanol.
All samples were stored in ambient conditions and tested in
laboratory conditions, within 4 weeks of collection. For para-
site analyses, we adapted the standard faecal flotation protocol
(Gillespie 2006). We used a pipette to take a sample of the pre-
pared specimen from the centre of the tube and used this sam-
ple to fill both chambers of a McMaster slide. We scanned a
two-chamber McMaster slide containing the centrifuged sample
using the Å10 objective lens of a compound microscope. We
identified and counted the presence of any parasite eggs, larvae,
and cysts. We then scanned the slide under Å40 objective lens
to confirm the presence or absence of protozoan cysts. For all
analysis, we only counted any elements seen within the two
McMaster chamber squares identifying samples to genus level.
Behavioural methods
We conducted behavioural observations from dawn till dusk,
following one group per day. The day was split into three time
periods (morning, midday, afternoon) to collect a minimum of
one observation per time slot per monkey per month for a 1-
year period (March 2016–February 2017); 20 min focal animal
observations (Altmann 1974) were conducted for all adults
within each of the five groups. We collected data using the
Prim8 behavioural software (McDonald and Johnson 2014) on a
handheld Lenovo tablet. During focal observations, we recorded
all instances of self-directed behaviour, including self-scratch,
self-groom, and self-touch behaviours (Schino et al. 1988;
Castles, Whiten, and Aureli 1999). We calculated the number of
bouts performed per focal observation and converted this to a
frequency as in previous studies (Castles, Whiten, and Aureli
1999; Sclafani et al. 2012). For comparison to our human interac-
tions variables, we converted this to a rate per hour.
Human–wildlife interactions
During daily follows, we used all occurrence sampling to record
all interactions between humans and vervet monkeys. We iden-
tified a human-related incident as any occasion when at least
one vervet monkey interacted with humans or their posses-
sions (car, house, bin, etc.). For positive human interactions, we
included any form of anthropogenic food consumption (e.g.
bread, fruit, pizza). An incident was classed as terminated once
all anthropogenic food was consumed. If the monkeys then
obtained anthropogenic food after 20 min, we classed this as a
new event. Negative human interactions were classed as any
form of human aggression directed towards vervet monkeys
(chase, rocks thrown, etc.). Such interactions represent a cost to
the vervet monkey because of the energy expended (running
away) and the risk of injury. We classed an incident as termi-
nated once all parties had retreated, and we recorded new
events if there had been no incident in the prior 20 min. Positive
and negative human interactions were not mutually exclusive;
a human event could be coded twice as both positive and nega-
tive [e.g. monkey takes food from a human’s house (positive)
and is chased away (negative)]. For human interaction values,
we calculated a monthly rate (per hour) per group based on how
many interactions were observed according to hours of field ob-
servation each month.
Statistical analyses
We obtained 673 faecal samples. An average of 5.62 (6 0.48 SD)
samples was collected per individual over the year-long study
and no individual was sampled more than once a month
(Supplementary Table S1). For 390 of the samples, monkey iden-
tification was recorded, for the remaining 283, only the group
and sex were identifiable. We, therefore, combined all parasite
recordings per group to create a group monthly average. We
converted raw data from the McMaster analysis to eggs per
gram (Dunn and Keymer 1986), we counted the number of spe-
cies present as a measure of parasite richness per sample and
further calculated Shannon’s diversity index as a measure of
species relative abundance and evenness. We converted this in-
formation into a group monthly average. All our dependent and
independent variables were analysed as an average group
monthly value to allow more comparison within our study and
the wider literature.
All data were analysed using R statistical software, and the
significance level was set at P 0.05. To assess our aims, we ran
two separate mixed model structures using the lme4 package
(Bates 2010). We calculated the variation inflation index of each
predictor for inclusion in our models using the CAR package
(Fox et al. 2007), setting the inclusion level at <3 (Zuur et al.
2010). We assessed the fit of each model by graphically checking
residuals for normal distribution and that the assumptions of
our model were not violated.
We tested the distribution of all dependent variables using
Shapiro–Wilk’s test and graphical visualization (Ghasemi and
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Zahediasl 2012). For our first model assessing parasite risk, both
species richness and eggs per gram were found to be normally
distributed, we, therefore, ran two linear mixed models with
parasite eggs per gram and parasite species richness as the de-
pendent variable. Shannon’s diversity index was not normally
distributed; therefore, for this dependent variable, we ran a gen-
eralized linear mixed model for non-parametric data with a
gamma error distribution using a log link function. We created a
priori maximum models that included positive human interac-
tions, negative human interactions, self-directed behaviour,
and group size as fixed effects. Furthermore, we ran an interac-
tion between negative human interactions and scratching. We
also included group identification as a random effect. We did
not include season as a fixed effect due to model overfitting but
mean values can be seen in the supplementary material
(Supplementary Table S2).
To assess our second aim on anxiety, we found self-directed
behaviour was not normally distributed using a Shapiro–Wilk’s
test and graphical visualization (Ghasemi and Zahediasl 2012).
We, therefore, ran a generalized linear mixed model for non-
parametric data with a gamma error distribution using a log
link function. We created an a priori maximum model with self-
directed behaviour as the dependent variable. We included pos-
itive human interactions, negative human interactions, and
group size as fixed effects, as well as including group identifica-
tion as a random effect.
Results
Parasites identified were Coccidia spp., Strongyloides spp., Tricuris
spp., Ascaris spp., and Oesophagostomum spp. and these were
found in the faeces of all five vervet monkey groups (supple-
mentary Table S3).
From our first model assessing parasite risk, we found that
eggs per gram significantly increased with negative human
interactions (P¼ 0.001, Table 1, Fig. 1a), positive human interac-
tions (P¼ 0.008, Table 1, Fig. 1b) and self-directed behaviour
(P¼ 0.001, Table 1, Fig. 1c). We found that species richness in-
creased significantly with negative human interactions
(P¼ 0.008, Table 2, Fig. 2a) and positive human interactions
(P¼ 0.002, Table 2, Fig. 2b). Furthermore, we found that
Shannon’s diversity index significantly increased with negative
human interactions (P¼ 0.017, Table 3, Fig. 3).
Our second model assessing anxiety showed that self-
directed scratching behaviour significantly increased with a
greater rate of negative human interactions (P¼ 0.008,
Table 4, Fig. 4).
Discussion
We found that both vervet monkey species richness, eggs per
gram, and Shannon’s diversity index were influenced by human
interactions. In addition, eggs per gram positively increased
with higher rates of scratching. What is more, our second model
showed that self-directed scratching behaviour significantly in-
creased with a higher rate of negative human interactions. Our
main results, therefore, supported our predictions and raise im-
portant points for urban primate welfare and zoonotic
transmission.
The significant positive trend for both positive and negative
human interactions on vervet monkeys’ parasite species rich-
ness and eggs per gram, and negative human interactions on
Shannon’s diversity index, supports previous research that an-
thropogenic landscapes increase parasite load (Borg et al. 2014;
Soto-Calderón et al. 2016; Thatcher, Downs, and Koyama 2018).
This could be because of increased transmission at clumped
resources of high-value food, resulting in more frequent inter-
actions and increased proximity to conspecifics increasing ex-
posure to parasites (Nunn et al. 2003; Gompper and Wright
2005; Nunn, Altizer, and Altizer 2006; Kamiya et al. 2014;
Galbraith et al. 2017). Artificial food patches have previously
been suggested as a management technique for urban primates
to provide an alternate regular food supply whilst reducing
interactions between primates and humans (Kaplan et al. 2011).
However, our findings would dispute this suggestion as this
may further increase grouping and transmission rates. Instead,
management should consider reducing anthropogenic foraging
opportunities to reduce interactions between humans and pri-
mates (both positive and negative) and ensure more dispersed
alternate foraging resources are available.
Increased parasite burden under negative human interac-
tions could again support a proximity hypothesis (Nunn et al.
2003; Gompper and Wright 2005; Nunn, Altizer, and Altizer 2006;
Kamiya et al. 2014; Galbraith et al. 2017), or this could be a re-
sponse to human aggression (Chowdhury, Brown, and Swedell
2020). These results raise concerns from an urban wildlife wel-
fare perspective, suggesting that increased human conflict and
negative human interactions can have potential health reper-
cussions. Therefore, these results should actively be applied to
encourage cohabitation between humans and wildlife.
Furthermore, research into the multiple facets of human–wild-
life interactions is needed to develop our understanding of the
drivers behind these negative interactions, both from a human
and primate perspective to reduce conflict and improve urban
wildlife welfare.
Our results also showed that greater positive human interac-
tions increased both parasite eggs per gram and species
Table 1: Linear mixed model results of the fixed effects on eggs per gram of urban vervet monkeys, Simbithi Eco-estate, KwaZulu-Natal, South
Africa.
Confidence intervals
Estimate Standard error Degrees of freedom P values Lower Upper
Intercept 3.72 1.55 3.77 0.001 0.81 6.78
Negative human interactions 3.90 0.94 52.58 0.001 2.13 5.69
Scratching 0.49 0.12 50.83 0.001 0.27 0.71
Positive human interactions 2.90 1.05 49.21 0.008 0.90 4.87
Group size –0.10 0.05 3.17 0.150 –0.20 0.00
Negative human interactions  scratching –0.17 0.11 53.66 0.136 –0.38 0.04
Bold results indicate a significant effect.
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Figure 1: Parasite eggs per gram obtained from vervet monkey faecal samples at Simbithi Eco-Estate, KwaZulu-Natal, South Africa, in the present study, where (a)
shows the significant positive effect of negative human interactions on parasite eggs per gram, (b) shows the significant positive effect of positive human interactions
on parasite eggs per gram and (c) shows the significant positive effect of self-directed behaviour. Grey areas represent 95% confidence intervals
Table 2: Linear mixed model results of the fixed effects on species richness of urban vervet monkeys at Simbithi Eco-estate, KwaZulu-Natal,
South Africa in the present study.
Confidence intervals
Estimate Standard error Degrees of freedom P values Lower Upper
Intercept 1.49 0.08 4.61 0.118 0.09 2.90
Negative human interactions 0.63 0.02 52.44 0.008 0.22 1.12
Scratching 0.03 0.03 52.48 0.309 –0.02 0.08
Positive human interactions 0.82 0.03 50.17 0.002 0.36 1.34
Group size –0.01 0.03 4.52 0.843 –0.05 0.04
Negative human interactions  scratching 0.04 0.03 52.08 0.849 –0.050.05
Bold results indicate a significant effect.
Figure 2: Parasite richness obtained from vervet monkey faecal samples at Simbithi Eco-Estate, KwaZulu-Natal, South Africa, in the present study, where (a) shows the
significant positive effect of negative human interactions and (b) shows the significant positive effect of positive human interactions. Grey areas represent 95% confi-
dence intervals
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richness. Positive aspects of the anthropogenic mosaic, such as
increased human food, have previously been shown to increase
parasite load because of high starch and poor nutrition
(Weyher, Ross, and Semple 2006; Becker, Streicker, and Altizer
2015). Opposing research has shown that anthropogenic food
can reduce foraging effort and hence parasite risk, e.g. through
decreased ranging requirements (Nunn and Dokey 2006) and in-
creased immune response (Ezenwa 2004). Nevertheless, re-
search on this study population has shown that anthropogenic
landscape characteristics can decrease daily movement but in-
crease ranging (Thatcher, Downs, and Koyama 2019a,b) and
suggest a high degree of foraging flexibility (Thatcher, Downs,
Table 3: Table 3 Generalised linear mixed model results of the fixed effects on Shannon’s diversity index of urban vervet monkeys at Simbithi
Eco-estate, KwaZulu-Natal, South Africa in the present study. Residual degrees of freedom¼ 54.
Confidence intervals
Estimate Standard error P values Lower Upper
Intercept 2.31 0.09 <0.001 9.93 10.28
Negative human interactions 0.14 0.06 0.017 0.03 0.26
Scratching 0.01 0.01 0.071 –0.00 0.03
Positive human interactions 0.09 0.06 0.119 0.03 0.21
Group size –0.01 0.00 0.148 –0.00 0.02
Negative human interactions  Scratching –0.01 0.01 0.255 –0.02 0.05
Bold results indicate a significant effect.
Figure 3: The positive significant effect of negative human interactions on Shannon’s diversity index of urban, vervet monkeys at Simbithi Eco-Estate, KwaZulu-Natal,
South Africa in the present study. Grey areas represent 95% confidence intervals
Table 4: Table 4 Generalised linear mixed model results of the fixed effects on self-directed scratching behaviour of urban vervet monkeys at
Simbithi Eco-estate, KwaZulu-Natal, South Africa, in the present study. Residual degrees of freedom¼ 54.
Confidence intervals
Estimate Standard error P values Lower Upper
Intercept 2.90 0.15 <0.001 0.79 4.47
Negative human interactions 0.14 0.55 0.008 0.96 1.05
Positive human interactions –0.11 0.10 0.906 –1.45 1.55
Group size –0.01 0.01 0.165 –0.07 8.33
Bold results indicate a significant effect.
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and Koyama 2020), potentially supporting this positive trend in
results. In addition, previous research on this population has
shown that positive human interactions increase the grooming
rate but decrease the foraging rate (Thatcher, Downs, and
Koyama 2019b), suggesting that increased foraging on human
food may increase time available for socializing and grooming
and hence parasite transmission. However, these studies also
show the complexity of positive and negative human interac-
tions within the urban landscape, that one factor cannot be con-
sidered independently and that the urban mosaic creates a
complex scale of interactions for urban wildlife.
Self-directed behaviour significantly increased with parasite
eggs per gram. This supported our prediction that parasite load
may be influenced by anxiety (Hart 1990; Giraudeau et al. 2014)
but could also suggest that increased self-directed behaviour
relative to parasite load may be a behavioural response to para-
site burden (Duboscq et al. 2016). Although our interactions be-
tween negative human interactions and self-directed behaviour
were not significant, as the two factors independently increased
parasite risk, it does suggests a cost to urban living and supports
previous research showing the links between stress, parasitism,
and the urban mosaic [e.g. house finches, Haemorhous mexicanus
(Giraudeau et al. 2014)]. More so, our second model showed that
scratching frequency significantly increased with a greater rate
of negative human interactions. This result, therefore, supports
the notion that anxiety levels increase in the urban mosaic
(Maréchal et al. 2011; Pérez-Galicia et al. 2017), suggesting that
human aggression is costly to vervet monkeys with potential
health effects.
Our study’s results and the interactions between humans
and primates may have repercussions for management from a
zoonotic perspective. Contact with humans and human prop-
erty may expose animals to zoonotic diseases (Satterthwaite
2003; Seto et al. 2013). Therefore, the increased presence and in-
teraction with humans is likely to increase the risk of zoonotic
disease transmission for this study population. More so, it is
possible that the location and nature of this field-site will
increase opportunities for both reverse zoonosis and zoonotic
transmissions, due to the close proximity to highly urbanized
developments and a high degree of landscape change (Brearley
et al. 2013), as well as proximity to other wildlife, both domestic
(e.g. dogs) and wild (e.g. duiker, Bovidae, and Cape porcupine,
Hystrix africaeaustralis) (Daszak, Cunningham, and Hyatt 2001).
Although we cannot make any direct recommendations on zoo-
notic risks or fitness implications of the parasites found in this
study as we have only identified species to genus level, our
results suggest that vervet monkeys are in increased contact
with humans interacting through opportunistic foraging, direct
provisioning and human-directed aggression. The results of
this study do provide a further level of detail to the ongoing
complexity of anthropogenic disease ecology (Brearley et al.
2013; Mackenstedt, Jenkins, and Romig 2015); however, future
studies should be conducted to investigate the multiple facets
of the anthropogenic environment from a zoonotic perspective
on a broader scale for the benefit of both humans and wildlife.
Conclusions
The results of this study highlight human interactions increase
parasite risk. Furthermore, our results highlight the potential
costs of these interactions. Generally, the information pre-
sented here raises concerns for urban wildlife both from a wel-
fare perspective, increasing anxiety, and also a biological health
perspective, increasing parasite risk. Nevertheless, it should be
noted that this study population is highly adaptable to the ur-
ban landscape, and the population is continuing to thrive
(Thatcher 2019). Therefore, although results suggest a cost to ur-
ban living, these costs are likely outweighed by the benefits, cre-
ating a complex urban-mosaic landscape.
Supplementary data
Supplementary data are available at JUECOL online.
Figure 4: The positive significant effect of negative human interactions on the self-directed behaviour of urban vervet monkeys at Simbithi Eco-Estate, KwaZulu-Natal,
South Africa in the present study. Grey areas represent 95% confidence intervals
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Maréchal, L. et al. (2011) ‘Impacts of Tourism on Anxiety and
Physiological Stress Levels in Wild Male Barbary Macaques’,
Biological Conservation, 144: 2188–93.
McDonald, M., and Johnson, S. (2014) ‘There’s an App for That’: A
New Program for the Collection of Behavioural Field Data’,
Animal Behaviour, 95: 81–7.
Murray, D. L., Keith, L. B., and Cary, J. R. (1998) ‘Do Parasitism and
Nutritional Status Interact to Affect Production in Snowshoe
Hares?’, Ecology, 79: 1209–22.
Murray, M. H. et al. (2019) ‘City Sicker? A Meta-Analysis of
Wildlife Health and Urbanization’, Frontiers in Ecology and the
Environment, 17: 575–83.
Nunn, C., Altizer, S., and Altizer, S. M. (2006) Infectious Diseases in
Primates: Behavior, Ecology and Evolution. Oxford, UK: Oxford
University Press.
Nunn, C. L. et al. (2003) ‘Comparative Tests of Parasite Species
Richness in Primates’, The American Naturalist, 162: 597–614.
, and Dokey, A. T.-W. (2006) ‘Ranging Patterns and
Parasitism in Primates’, Biology Letters, 2: 351–4.
Nyhus, P. J. (2016) ‘Human–Wildlife Conflict and Coexistence’,
Annual Review of Environment and Resources, 41: 143–71.
Padgett, D. A., and Glaser, R. (2003) ‘How Stress Influences the
Immune Response’, Trends in Immunology, 24: 444–8.
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